physiological, or 'phenolic' , ripeness. This means that polyphenolic compounds such as tannins and anthocyanins in the fruit's skin never undergo natural modifications to smooth out their astringency. Because grapes should be harvested only at phenolic ripeness, growers are then forced to correct problems in the winery -for low acidities, for instance, they might add tartaric acidwhich can lead to lower-quality wines.
Wine is, in any case, complex. Jancis Robinson and co-authors' authoritative Wine Grapes (Allen Lane, 2012) describes 1,368 commercially used grape varieties, each with its own characteristics. These range from Cabernet Sauvignon, which can make big, strong, tannic red wines, to Riesling, known for producing delicate, floral, expressive white wines. Determining the vineyards in which each variety will perform well hinges largely on climatic factors and soils: changes in subsoil composition over small distances can have a huge impact on the characteristics of the final wine. The myriad possible interactions of grape variety, climate, growing season and soils means that the array of wines on the market is bewildering -CellarTracker, a leading database of enthusiast-generated wine-tasting notes, lists more than 1.4 million different wines.
The expansion of viticulture into previously unplanted regions has taught producers much about this interplay of factors. 
Maipenrai, Canberra District, Australia
One of the starriest viticulturalists has to be astrophysicist Brian Schmidt, who runs the 1.1-hectare Maipenrai vineyard near Canberra. Schmidt's work, observing type Ia supernovae at distances of more than 5 billion light years (1,533 megaparsecs), helped to prove the accelerating expansion of the Universe -and led to a share in the 2011 Nobel Prize in Physics. His plot, planted 12 years before that win with six Pinot Noir clones, now produces some 3,000 bottles of Maipenrai wine a year. Schmidt's sold-out 2009 vintage had, in his own words, "lovely aromas of plums mixed with forest floor", a "rich, slightly savoury palate" and -not unlike the astrophysicist's ever-expanding findings on the day job -"a long life ahead of it, gaining complexity". P hysicist Richard Feynman said that "if we look at a glass of wine closely enough we see the entire Universe". It is the stuff of physics, chemistry, geology, psychology and the ferment of life itself. Indeed, viticulture, oenology and wine have long fascinated scientists, from Alexander Fleming and Louis Pasteur to Galileo Galilei, who described wine as "sunlight, held together by water". Vineyards and wineries are, after all, laboratories in which the fruit of the grapevine Vitis vinifera is biochemically transformed, by sunlight, rain, soils, precision, judgement, time and technology, into a potentially sublime elixir. So, here we raise a glass to some of the adventurous scientistsincluding a Nobel-prizewinning astrophysicist, a group of engineers and a neuroscientist -who, with exactitude and flair, have made waves in the wine world.
V i n t a g e s c i e n t i s t s
Nature uncorks five tales of researchers who plunged into the heady science of viticulture. Famed German winegrower Helmut Dön-nhoff feels that the degree rise in average temperatures since 1988 has also been kind to German vignerons, saying that the "acidity is lower and the grapes are riper, so the quality of wines has improved". In the past, German Rieslings from cooler vintages often struggled to attain ripeness, and ended up with searing levels of acidity.
Climate change isn't a simple story, however. A study published in 2010 showed that the climate in California's Napa Valley, which is strongly influenced by air currents from the Pacific, may even be getting cooler.
But it is Jones' predictions for the coming decades that have winegrowers worried. These suggest an average increase in growing-season temperature of 2.04 °C between 2000 and 2049, with the largest predicted change in southern Portugal (2.85 °C) and the lowest in South Africa (0.88 °C). For many, this could be disastrous. Water availability for irrigation is also a concern.
Rising temperatures also bring an increased frequency of extreme weather events, and climate unpredictability. A vintage can be ruined by hail, frost or rain at the wrong time. In Victoria, Australia, shortly before harvest in early February 2009, three days of unprecedented high temperatures (43-45 °C) were followed by 'Black Saturday' on 7 February, when temperatures of 47 °C led to bush fires that killed 173 people. The damage to the region's wine industry caused by fires, smoke taint of grapes and loss of wine quality was estimated at some AU$368 million.
In some cases, the careful matching of grape variety to vineyard site may have to be reconsidered. This is not a simple solution: grape vines take at least 3 years to produce a crop, and only begin producing peak-quality grapes after 10 or 15 years. And, in most European regions, growers are allowed to plant only authorized varieties. Now there is a wind from the east, too. China is becoming a leading consumer of wine -and is already the world's eighthbiggest producer. Research by Jamie Goode, wine writer
